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Abstract 
In Germany, a dataset of 3D building models has been created at two levels of 
detail, based on the nationwide standards of the Working Committee of the 
Surveying Authorities of the States of the Federal Republic of Germany (AdV). 
This work has been done by the German federal states. There are some 
interesting details in the datasets; for example, in Bavaria, the building ground 
plans are taken from the official cadastral map. Both the 3D building model of 
Bavaria and the Infrastructure for Spatial Information in the European Community 
(INSPIRE) directives for the data specification of buildings (INSPIRE-BU) are 
based on the Open Geospatial Consortium (OGC) CityGML standard. Thus, an 
obvious development was to investigate the possibility of converting these data to 
a schema conforming to INSPIRE. In order to convert these 3D building models 
at the second level of detail to INSPIRE, a project group of the AdV entitled “3D-
Geobasisdaten” created an initial mapping table, based on the AdV-CityGML 
profile and GeoInfoDok 7.0 beta. To ensure that the schematic transformation is 
operational, 100% compliance between the source data and the source schema 
is required. The 3D-Geobasisdaten group and the Central Office for House 
Coordinates, Building Polygons and 3D Building Models (ZSHH) have jointly 
developed relevant criteria for data at both levels of detail. Tests on 3D building 
models at both levels of detail were carried out to check the conformity of the 
schema and profile, as well as the geometric and semantic data checks defined 
by the AdV. During the operational work at the Bavarian Agency for Digitization, 
High-Speed Internet and Surveying, it was shown that errors can reliably be 
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detected. In an extension of this work, a joint research project between the 
former Bavarian State Agency for Surveying and Geoinformation and the Chair of 
Geoinformatics at the Technical University of Munich (TUM) provided proof of the 
convertibility of 3D building models based on AdV standards to INSPIRE 
specifications via conversion of a sample dataset. 
Keywords: Cadastre, INSPIRE, CityGML, LoD2 
 
1. INTRODUCTION 
In Germany, surveying and mapping is the responsibility of the federal states, 
and nationwide projects therefore require close cooperation and commitment 
between the federal states. The cadastral and surveying authorities of the states, 
which are responsible for real estate cadastre and state surveys (official German 
surveying and mapping), cooperate via the AdV (http://www.adv-online.de) to 
discuss technical issues of fundamental and nationwide importance targeting 
standardized regulations. This includes the determination of common standards 
for the acquisition of 3D building models across Germany.  
The surveying authorities of the federal states aim to construct a nationwide 
dataset of 3D building models, based on a specialized schema (Gruber et al., 
2014). In 2010, the AdV proposed a nationwide and uniform dataset of building 
models at the first level of detail (Level of Detail 1, or LoD1), to be offered from 
2013 onwards. In the LoD1 data model, buildings are uniformly represented as 
blocks with a flat roof. Level of Detail 2 (LoD2) shows buildings with standardized 
prototype roofs (Figure 1).  
In 2012, AdV selected a product standard for 3D building models. Based on this, 
building ground plans are derived from the official digital cadastral map, and 
buildings are uniformly represented as blocks with flat roofs in LoD1. Since mid-
2013, a nationwide dataset of LoD1 objects has been constructed and is offered 
to clients at the ZSHH, a central, cross-national distribution agency. Currently, the 
ZSHH is located within the regional government of Köln in North Rhine-
Westphalia (LA Geobasis, 2011). From 2019 onwards, the ZSHH will be situated 
within the Bavarian Agency for Digitization, High-Speed Internet and Surveying in 
Munich. 
Meanwhile, all federal states in Germany have achieved the production of 3D 
building models at LoD1, and almost all of the states have begun creating 3D 
building models at LoD2. The declared goal is to complete the first calculation for 
LoD2 for the whole of Germany by January 1st, 2019. 
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Data exchange between the states and the central service center uses a 
nationwide uniform profile of the AdV, based on City Geography Markup 
Language (CityGML) encoding standards from OpenGIS® and the Open 
Geospatial Consortium (OGC) specification CityGML 1.0.0. (AdV, 2015a). 
This AdV-CityGML profile is also designed for the delivery of building data with 
standardized roof shapes in LoD2, with optional photo-realistic textures (Figure 2). 
Figure 1: 3D building models at LoD2 with a cadastre map from Augsburg 
 
 
Figure 2: LoD2 with photo-realistic textures and a digital orthophoto  
from Augsburg 
 
 
An update is required following the first acquisition of a 3D building model, 
independently of the data collection method and the underlying dataset. This 
involves a comprehensive concept containing the first acquisition, data 
management and the update process, combined into a single workflow. 
With the 2007/2/EC directive of the European Parliament and the Council 
establishing INSPIRE coming into effect in 2007, and its nationwide 
implementation in the federal states of Germany, the provision of digital 
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geospatial data in an interoperable way is necessary (Janowsky et al., 2010). 
The dataset of 3D building models created in the federal states of Germany is 
assigned to Annex III of INSPIRE-BU. 
In addition to the states’ aim of creating a uniform dataset of 3D building models 
at two levels of detail, based on the nationwide standards of the AdV, an obvious 
development was to check the possibility of converting these data to a schema 
conforming to INSPIRE at an early stage.  
For the conversion of 3D building models at LoD2 to INSPIRE, the 3D-
Geobasisdaten group of the AdV created an initial mapping table on the basis of 
the AdV-CityGML profile and GeoInfoDok 7.0 beta. In an extension of this work, a 
joint research project between the Bavarian State Agency for Surveying and 
Geoinformation and the Chair of Geoinformatics at the TUM provided proof of the 
convertibility of models using AdV standards to INSPIRE using a sample (Aringer 
et al., 2015). The test plan and specifications used by the 3D-Gebasisdaten 
group and the ZSHH were also examined and applied.  
The remaining task is the mapping of the 3D building models, based on the AdV-
CityGML profile and GeoInfoDok 7.0, to an INSPIRE-compliant schema. A review 
of GeoInfoDok 7.0 beta was completed in April 2014, although it will be 
necessary to continue analyzing these documents to discover bugs or 
ambiguities in the INSPIRE specifications, the AdV-CityGML profile or 
GeoInfoDok, in terms of the coming transformation of the schemata, in order to 
update these if necessary. The creation of 3D building models at LoD2 has 
already been started by most of the federal states in Germany. If an 
inconsistency is found, it will be useful to be able to update the software while in 
use and without changing documents, in order to reduce the number of faulty 3D 
building models. In the joint research project, the special mapping table created 
by the AdV was examined, and a concept for the transformation was developed 
and implemented as a prototype. The extraction of the data and the concept of 
updating and data management are described in the next section. Following this, 
the elements of the semantic transformation to INSIRE will be explained.  
2. CONCEPT FOR A SEMANTIC TRANSFORMATION OF 3D BUILDINGS TO 
INSPIRE  
The process of changing the acquired 3D building models to INSPIRE using a 
schematic transformation (Aringer et al., 2015) involves the following aspects 
(Figure 3): 
 A necessary precondition is the availability of documentation about the 
schemata of the source and the target, and the rules for transformation 
between these schemata. On the basis of these documents, the schematic 
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transformation can be implemented or can be generated automatically (e.g. 
Staub et al., 2008; Kutzner and Eisenhut, 2010; Fichtinger, 2011) if machine-
interpretable schemata and transformation rules exist. The transformation tool 
will produce target data and a report with statistical information about the 
dataset, transformed from the source data. 
 Another requirement for a correct transformation is the compliance of the 
source data with the source schema, and sometimes with additional quality 
criteria. These quality criteria may be a test specification, on the basis of 
which a test tool for the source data can be implemented or created 
automatically if machine-interpretable test criteria exist (Donaubauer et al., 
2010). The test tool creates a report with information about faulty objects, and 
statistics about the tested data. Thus, only correct data are passed to the 
schematic transformation tool. 
Figure 3: Concept of the schematic transformation of 3D building models to 
INSPIRE 
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Under the assumption that only correct data are passed to the schematic 
transformation tool and that the transformation rules are correct, it is not 
necessary to have a complex test tool for the target data or a complex event 
handler within the schematic transformation tool. The correct coding of the target 
data is ensured by a validation of the schema. Based on this concept, the joint 
research project transformed an AdV-CityGML profile-based test dataset of 
Bavarian LoD2 building models into an INSPIRE-compliant schema. The 
components of this concept are described below. 
2.1 AdV-CityGML for Building Models 
The source schema for the transformation of the 3D building models is the AdV-
CityGML standard, in its most recent version (AdV, 2015a). This limits the 
general CityGML specification version 1.0 (Gröger et al., 2008) to  be compliant 
with the standard of the AdV building model (AdV, 2013). Among other things, 
this means that only the CityGML modules entitled Building, Generics (an 
extension of Attributes not covered by the CityGML standard) and Appearance 
are allowed. All other CityGML modules, for example for the representation of 
vegetation, water or traffic, are not part of the AdV-CityGML schema. Further 
restrictions also apply to the allowed CityGML modules. In the Building module of 
the AdV profile, only LoD1 and LoD2 are allowed, while the ‘function’ and 
‘measuredHeight’  attributes are mandatory. The elements of the building 
envelope must be grouped into ‘RoofSurface’, ‘WallSurface’, ‘GroundSurface’ 
and ‘ClosureSurface’ objects. The AdV profile defines not only the limitations of 
the standard CityGML but also some extensions; these are application domain 
extensions (ADE) (as described in the following section) with fixed generic 
attributes. The aim of these extensions is to store quality information for single 
building objects. The generic attributes, such as the roof height, address, ground 
level and a reference point for the roof, are stored as codes defined in the AdV 
profile.  
2.2 Target Schema: INSPIRE Data Specification on Buildings / CityGML 
INSPIRE ADE 
The INSPIRE directive defines guidelines for providing INSPIRE-compliant data 
which arise from implementing rules for the interoperability of spatial datasets 
and services. However, there is no specification for a data model with specific 
themes. Additional regulations apply to the provision of INSPIRE-compliant data, 
and these give detailed information about the nature and scope of the data 
content, for example by defining object types or mandatory attributes. There is 
also technical guidance for each theme; this is not legally binding but contains 
aspects such as complete data models and technical details. For 3D building 
models that are combined with the digital terrain model (DTM), the INSPIRE 
technical guidelines for height (Annex II) and building models (Annex III) must be 
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considered. The documents entitled “D2.8.II.1 Data Specification on Elevation” 
and “D2.8.III.2 Data Specification on Buildings” are also relevant. These 
specifications were published on December 13th, 2013 and came into effect 
retroactively as of October 2013. These directives state that newly gathered or 
updated data, as defined in Annex II or III, must be provided in an interoperable 
way until 2015, and other data must be provided until 2020. The nationwide 
German dataset of building models at LoD1 will have to be provided in an 
interoperable way until 2020 to meet the requirements of the INSPIRE directive. 
In order to handle the various applications for the use of building information and 
the different types of building data for the European Union, four profiles were 
defined; these are different in terms of the scope of their semantically and 
geometrically representable information (Figure 4). 
Figure 4: Profiles of the INSPIRE specification for building models (adapted from 
Gröger and Plümer, 2014) 
 
The ‘Core 2D’ profile for 2D and 2.5D building data contains only basic semantic 
information. This is defined in the BuildingsBase abstract application schema. 
The ‘Core 3D’ profile is also based on the semantics of BuildingsBase, but 
extends this using concepts for the 3D representation of a building envelope at 
levels of detail from one to four, which match the definition of CityGML. The Core 
2D and Core 3D profiles constitute the main part of the INSPIRE building model. 
The BuildingsExtendedBase application schema and the derived schemata 
(BuildingsExtended2D and BuildingsExtended3D) are capable of modeling much 
more comprehensive semantic information (Gröger and Plümer, 2014). 
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The INSPIRE specification does not require a special data format for the transfer 
of data, but defines GML (ISO 19136) as its default coding and provides XML 
schema files for validation. This format is called INSPIRE BU. More specifically 
(Gröger and Plümer, 2014), since the two 3D profiles for the specification of 
building models are based primarily on CityGML and many tools for processing 
CityGML data already exist, the INSPIRE specification provides an extension of 
the CityGML standard as an option for coding. This is done by a CityGML ADE. 
The concepts of CityGML are used for all classes, attributes, geometries and 
constraints in the CityGML INSPIRE ADE (Gröger et al., 2013); these are also 
part of CityGML and INSPIRE. Those concepts from the INSPIRE building model 
that do not exist in CityGML for the ADE the elements are substituted by 
INSPIRE elements. For example, the INSPIRE specific common attribute 
inspireID is a unique identifier for objects. The attributes beginLifespanVersion 
and endLifespanVersion are defined to represent the timestamps of transactions. 
The conditionOfConstruction attribute is also defined to store the status of 
buildings, such as ‘planned’, ‘under construction’, or ‘in use’. An important 
difference from CityGML is the use of complex data types for thematic attributes; 
for example, by using the complex data types of elevation and scalar height value, 
it is possible to specify at which part of the building the height was measured (e.g. 
highestEave for the highest part of the eave of a building, or generalRoof for the 
average height of the roof). 
2.3 Transformation Rules: AdV Mapping Table for AAA – CityGML 1.0 
The basis for a model-based transformation of the schema is the availability of 
transformation rules at the level of the underlying schemata. To transform 3D 
building models at LoD2 to INSPIRE, the 3D-Geobasisdaten group has 
developed a mapping table based on the AdV-CityGML profile and GeoInfoDok 
7.0 beta (AdV, 2015b). This mapping table originally included all classes of the 
CityGML building module and their correlates in the AAA model, based on 
GeoInfoDok 7.0 and the INSPIRE data specification for buildings (Profil 
BuildingsExtended3D) and was expanded with a mapping to the CityGML 
INSPIRE ADE Core 3D standard in the research project described above. Table 
2 shows examples of the mapping between schemata at the level of the most 
important object classes. It is important to note the 1:1 mapping between the 
classes of the schema; one result of this is the low complexity of the schema 
transformation. 
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Table 1: Mapping between the AdV-CityGML-Profil, AAA 7.0,  
INSPIRE Building Extended 3D 3.0 and  
CityGML INSPIRE Buildings Core3D ADE schemata at the level of object classes 
AdV-CityGML-
Profil  
AAA 7.0 INSPIRE Building 
Extended 3D 3.0 
CityGML INSPIRE 
Buildings Core3D 
ADE 
bldg:Building AX_Bauteil3D  
(101009) 
BuildingsExtended 
Base::Building 
bldg:Building 
bldg:RoofSurface AX_Dachflaeche3D 
(101003) 
BuildingExtended3D:: 
RoofSurface 
bldg:RoofSurface 
bldg:WallSurface AX_Wandflaeche3D 
(101005) 
BuildingExtended3D:: 
WallSurface 
bldg:WallSurface 
bldg:GroundSurface AX_Bodenflaeche3D 
(101004) 
BuildingExtended3D:: 
GroundSurface 
bldg:GroundSurface 
bldg:ClosureSurface AX_Abschluss 
flaeche3D (101002) 
BuildingExtended3D:: 
ClosureSurface 
bldg:ClosureSurface 
2.4 Test Plan to Assure the Quality of 3D Building Models 
Since mid-2013, states have been able to provide 3D building models at LoD1 to 
the ZSHH, a central cross-national distribution agency. The ZSHH has provided 
guidelines for validating 3D building models, which have enabled states to check 
the conformity of their LoD1 data in CityGML format to the AdV schema. 
Additional test criteria such as geometric constraints would also be desirable. An 
initial approach for testing CityGML city models has been provided by the 
CityDoctor validation software developed by the University of Applied Science in 
Stuttgart (Wagner et al., 2014). 
LA Geobasis commissioned the state of North-Rhine Westphalia to provide a 
quality assurance plan for the LoD1 and 2 data of the German federal states. 
This measure aimed to ensure conformity between the data from the different 
states and to enable their transfer into the ZSHH database. The software 
component should allow for quality assurance at the level of the states providing 
the data and for the ZSHH, which receives  data.  
The AdV Geobasisdaten group and the ZSHH jointly developed the respective 
criteria for data at LoDs1 and 2. The test criteria defined in the test plan were 
developed based on the experience of building the databases and cooperation 
within ZSHH. The test criteria can be categorized as follows: 
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 Schema test: Conformity of the dataset with the XML schema 
 Profile conformity: Conformity of the dataset with the AdV profiles, for 
example the existence and correct configuration of the generic attributes 
defined in the AdV-CityGML profile, non-redundant saving of geometry, and 
no fragmentation of building parts to further parts 
 Geometry check: Is the frame closed (waterproof)? Are the heights specified 
in the measuredHeight attribute and the building geometry the same? 
 Thematic: Are all vertical surfaces modelled as wall surfaces (WallSurface 
objects)? 
All criteria are listed in (AdV, 2015c). Version 1.2 of the test plan, dated January 
28th, 2015 was included in the statement of work in the ZSHH’s tender for testing 
software, as offered by LA Geobasis. Since September 2015, testing software for 
the quality assurance of 3D building models has been available from ZSHH for 
use before the data are entered into the database, and for the states to check 
data. The test plan has recently been updated to Version 1.3; it is expected that 
an extended test procedure will be implemented. 
Unified tests for thematic and geometry are currently defined by OGC in their 
CityGML Quality Interoperability Experiment. The Geobasisdaten group will be 
required to implement the results into the test protocol and eventually charge with 
the specifics of the AdV-CityGML profile. 
The test protocol has been discussed in the SIG-3D quality working group. These 
discussions of test protocols are used in the OGC’s CityGML Quality 
Interoperability Experiment, which is responsible for the definition of unified test 
criteria, for example for thematic and geometry testing. 
2.5 The Test Routine 
According to ISO 19113, conformity with the schema is an important issue for the 
quality of the data which should be ensured anyway. The tests for 3D building 
models at LoDs1 and 2 to check the conformity of the schema and profile, and 
the geometric and semantic data checks defined by the AdV, were implemented 
with FME software (FME, 2017) using FME Workbenches. In FME, the software 
transforming data is organized using FME Workspaces which integrate reading, 
writing and a sequence of analyzing and transforming processes (Con Terra, 
2015). The result of the test routine is an Excel file with a single sheet, which lists 
all the faulty elements as per the test criteria. A further sheet contains  error 
statistics. Table 2 shows excerpts from the error statistics for a dataset of LoD2 
building models produced by the Bavarian Agency for Digitization, High-Speed 
Internet and Surveying. The column entitled “Error type” shows the numbers 
defined in the proof plan of the AdV, while the “Filename” column shows the 
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dataset in which the error was found. The numbers shown in the proof plan 
represent geometric tests such as: 
 Are all building model solids waterproof? 
 Are all building models free of self-intersections? 
 Are all surfaces planar? 
 Are all normal vectors directed towards the outside? 
 Are all wall surfaces vertical? 
The column entitled “Errors (%)” shows the percentage of objects with that 
particular error. In this example, 6.6% of the 424 building models or 0.3% of the 
2655 wall surfaces in the tested dataset are faulty in this way. 
 
Table 2: Example error statistics for a LoD2 dataset  
File name  Feature type Error type code Errors (%)  
4485_5490 Building 3110_3120_3140_3310.. 6.6 
4485_5490 WallSurface Error code 3150 0.3 
 
All tests can be implemented using FME software. During operational work at the 
Bavarian Agency for Digitization, High-Speed Internet and Surveying, it was 
shown that errors are detected reliably, but that the runtime required for testing 
big data needs to be improved. 
2.6 Transformation of the Schema 
Before transformation of the schema was possible, the mapping table provided 
by the AdV was reviewed in terms of the completeness and accuracy of the 
transformation rules between the CityGML 1.0 AdV profile and INSPIRE; this was 
done as part of a joint research project between the Bavarian State Agency for 
Surveying and Geoinformation and the Chair of Geoinformatics at TUM. It was 
found that the rules were not machine-interpretable; for example, it was not clear 
whether the table contents referred to the UML data model or the derived XML 
schemata. 
In addition, the transformation rules were not sufficiently precise for certain 
attributes for which simple data types from the source schema need to be 
mapped to complex data types from the INSPIRE schema. For example, the 
CityGML name attribute, of type CharacterString, needs to be mapped to the 
INSPIRE name attribute; this is of type GeographicalName, which is relatively 
complex. It is also necessary for some attributes to create mapping lists for 
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values due to the different value ranges between the schemata. This applies to 
the verticalGeometryEstimatedAccuracy and hori-
zontalGeometryEstimatedAccuracy attributes in the target schema, for example. 
These are scalar values with the type length. In the source schema these codes 
are describing the estimated accuracy. The following table gives an example of 
the source data corresponding to a particular set of target data. In this example, 
the source data contain the code “1000”, meaning that data are gathered by 
LiDAR. The target schema expects a scalar value; in this example, the value is 
set to 0.2 m. This is done via a value assignment list. 
 
Table 3: Example of code comparing attributes of geometric accuracy 
AdV-CityGML-Profile  CityGML INSPIRE Buildings Core3D ADE 
<gen:stringAttribute 
name="DatenquelleDachhoehe"> 
  <gen:value>1000</gen:value> 
</gen:stringAttribute> 
<bu-core3d-
ade:verticalGeometryEstimatedAccuracy 
uom="urn:ogc:def:uom:OGC:1.0:metre">0.2 
</bu-core3d-
ade:verticalGeometryEstimatedAccuracy> 
 
Additional value assignment lists are required to complete the transformation 
rules for following attributes or coded lists. 
DatenquelleBodenhoehe is mapped to verticalGeometry Reference3DBottom, 
and it is not clear whether the attributes of ‘Lowest Floor Above Ground’ or 
‘Bottom of Construction’ would be not be better choices. The ‘function’ attribute is 
mapped to currentUse. The RoofTypeTypeAdV attribute corresponds to 
roofTypeValue, and DatenquelleBodenhoehe is mapped to 
ElevationReferenceValue. 
The rules from the mapping tables were implemented using an FME Workbench; 
this can read CityGML data at LoD1 and LoD2, which comply with the CityGML 
1.0 AdV profile and the proof plan for building models. The FME Workbench also 
transforms the read data to CityGML INSPIRE ADE BuildingsCore3D. Since the 
mapping table is incomplete, as described above, it was necessary to make 
certain assumptions to create a correct mapping. In the cases where mapping 
lists had missing values, dummy values were set. During the practical work of the 
transformation, an inconsistency was detected in the XML files of the INSPIRE 
schema. The INSPIRE BU XML schema imports other INSPIRE XML schemata, 
and these in turn import additional INSPIRE XML schemata that are based on 
different versions of the INSPIRE data specification. The different versions of the 
schema use different namespace URI abbreviations, but in the INSPIRE instance 
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documents they need to have identical namespace prefixes. To work around this 
problem, the INSPIRE schemata were modified, and the FME Workbench only 
works correctly with this modified INSPIRE schema. The original INSPIRE-
schema was used to validate the XML files of the transformed data. Using the 
XML schema files of the CityGML INSPIRE ADE did not cause further problems 
for the standard component when exporting CityGML with the FME software.  
At the same time as the joint research project discussed here, a Bachelor’s thesis 
was presented at TUM (Popp, 2015) in which INSPIRE BU default coding rather 
than CityGML INSPIRE ADE was tested. The FME Workbench in this case was 
more complex, since both semantic and geometric transformations had to be 
done. This was necessary because the building models of the source data 
consisted not only of the building envelope, but also the terrain intersecting line 
(lod2TerrainIntersection). The CityGML-Writer component of the FME software 
can handle this, while the INSPIRE-GML component of the FME software cannot. 
2.7 Storage of the 3D Buildings 
The data is stored centrally in a relational database using an open source 
database solution called 3D City Database (3DCityDB). By using a database 
schema (profile), the user has the possibility of creating a CityGML conformal 
data model in the database. The general CityGML profile was also specified by 
the AdV for the nationwide standardized acquisition of 3D building models. 3D 
building models created with these specifications in the AdV-CityGML profile can 
be imported into the database using a Java-based importer/exporter, and can be 
exported and visualized in KML and COLLADA format. Additionally, an FME 
Workbench is used in Bavaria to offer the customers a wider range of data export 
formats such as 3D shape, dxf, 3ds and Trimble SketchUp format (skp). Since 
CityGML is an international standard and several software companies have 
implemented products and interfaces for the geoinformation market, longtime 
sustainability is expected for this interface . 
3. CONCLUSION 
It can be shown that the transformation to the INSPIRE schema is possible using 
INSPIRE BU and CityGML INSPIRE ADE 3D building models provided by the 
German federal states. These are based on LiDAR, dense image matching or the 
cadaster, and are transformed using a mapping table from the AdV and 
commercial software tools. According to ISO 19113, conformity with the schema 
is an important issue in terms of the quality of the data, which should be ensured 
anyway. However, the quality of the source data is sometimes a primary problem 
in the practical transformation process. The concept developed here aims to 
match the source data to the corresponding test specification. As a consequence, 
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the transformation can be made quite simple, since complex handling of errors 
and exceptions is not necessary. 
The evidence from research on schematic transformation is showing the required 
clarifications of mapping table results. The mapping table update and the FME 
Workbench by the AdV’s 3D-Geobasisdaten group. In particular, mappings were 
added between simple data types in the source schema and complex data types 
in the target schema. Missing value assignment lists for some attributes and code 
lists were also created. An FME Workbench based on CityGML INSPIRE ADE 
was adapted and checked, using data from several federal states in Germany. 
The surveying authorities of the German federal states applied international 
standards at an early stage to create nationwide semantic 3D building models. 
The study presented here shows that the use of the CityGML international 
standardized data format and the AdV profile for the national schema by the 
INSPIRE working group defining the INSPIRE specification for building models 
supports transformation of this data. This process can ensure that the INSPIRE 
requirements for 2020 can be achieved. The actions necessary for nationwide 
application are yet to be decided by the AdV. 
The approach presented here for transforming nationwide 3D building models to 
INSPIRE can be applied in other countries that began the acquisition of 3D 
building models before the data specifications for building (INSPIRE-BU) were 
established. Despite the use of different data models, a straightforward 
transformation to INSPIRE is possible, particularly if the data is available in 
CityGML format. 
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